Fossil oyster shells are well-suited to provide palaeotemperature proxies from geologic to seasonal timescales due to their ubiquitous occurrence from Triassic to Quaternary sediments, the seasonal nature of their shell growth and their strong resistance to post-mortem alteration. However, the common use to translate calcitic oxygen isotopes into palaeotemperatures is challenged by uncertainties in accounting for past seawater δ 18 O, especially in shallow coastal environment where oysters calcify. In principle, the Mg/Ca ratio in oyster shells can provide an alternative palaeothermometer.
ties in accounting for past seawater δ 18 O, especially in shallow coastal environment where oysters calcify. In principle, the Mg/Ca ratio in oyster shells can provide an alternative palaeothermometer.
Several studies provided temperature calibrations for this potential proxy based on modern species, nevertheless their application to palaeo-studies remains hitherto unexplored. Here, we show that past temperature variability in seawater can be obtained from Mg/Ca analyses from selected oyster fossil species and specimens. High-resolution Mg/Ca profiles, combined with δ 18 O, were obtained along 41 fossil oyster shells of seven different species from the Palaeogene Proto-Paratethys sea (Central Asia) found in similar as well as different depositional age and environments providing comparison. Suitable Mg/Ca profiles, defined by continuous cyclicity and reproducibility within one shell, are found to be consistent for specimens of the same species but differ systematically between species, implying a dominant species-specific effect on the Mg/Ca incorporation. Two species studied here (Ostrea (Turkostrea) strictiplicata and Sokolowia buhsii ) provide an excellent proxy
Introduction 1
The ability to track quantitatively climate seasonality patterns through the geological record is 2 key to understand past, present and future climate processes (Felis et al., 2004; Licht et al., 2014) . However, most palaeoclimate proxies yield only qualitative assessments of seasonality or insufficient 4 resolution averaging across thousands of years (Eldrett et al., 2007; Evans et al., 2013) .
5
In contrast, bivalve shells have long been recognized to potentially represent excellent high-6 resolution (i.e. infra-annual) palaeoclimate archives (e.g. Hudson et al., 1976; Richardson, 2001 ).
7
The shell of bivalves is formed by incremental growth resulting in a record that can be sampled at 8 an intra-annual resolution (Stenzel, 1971; Kirby et al., 1998) . Moreover, they live over a large range 9 of climate regimes and habitats (Surge et al., 2001; Mouchi et al., 2013) . In addition, their generally 10 large and thick calcitic shells promote good preservation of fossils such that oysters represent one 11 the most abundant macro-fossil groups readily available in the sedimentary records (Stenzel, 1971) . also showed that impacts of salinity, ontogeny and growth rate are modest compared to that of 48 temperature on Mg incorporation into the foliated oyster calcite shell (Surge and Lohmann, 2008;  49 Mouchi et al., 2013) . Furthermore, duplicate of Mg/Ca ratio analyses in the ligamental area showed 50 that intra-shell small scale variability for magnesium is negligible (Bougeois et al., 2014) .
51
Although these considerations clearly designate oyster shells as prime targets for palaeoclimate 52 reconstructions using Mg/Ca, such analyses have yet to be tested using a thorough analytical pro-53 tocol. We previously conducted a pilot study on a single fossil oyster shell (Sokolowia buhsii ) from 54 the Eocene Proto-Paratethys sea in Central Asia suggesting that its Mg/Ca may be used to recon-55 3
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struct palaeotemperatures (Bougeois et al., 2014) . However, to constrain the reliability of Mg/Ca 56 as a palaeothermometer for the geological past and to quantify inter-specimen variability in ele-57 ment composition, additional investigations on specimens and species from a range of environments 58 and ages are necessary. Here, we extend the approach to various Palaeogene oyster species includ-59 ing different environmental and stratigraphic contexts well-constrained by parallel studies of the 60 western Proto-Paratethys sea (Bosboom et al., 2014a,b,c) (Bosboom et al., 2014a,b,c) . We aim to 61 determine whether Mg/Ca ratios yield reliable and reproducible environmental intra-annual proxy 62 data in fossil oyster shells from various species and environments and thereby the reliability of the
63
Mg/Ca-temperature calibration established on modern oysters when applied to fossil specimens. ern China, east side) (Dercourt et al., 1993; Burtman, 2000) . In the Tarim Basin (Xinjiang, China), fossil assemblages including bivalves, dinoflagellate cysts, foraminifera and ostracods (see Bosboom
73
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Shell description and sample preparation 113
Oyster shells grow by incremental deposition of calcium carbonate (mainly calcite), resulting 114 in alternating dark and light bands corresponding to the colder and warmer seasons respectively 115 (Kirby et al., 1998) . The foliated calcite forming the ligamental area (or umbo) is very dense and 116 resistant to post-mortem alteration, resulting in conservation of the primary environmental signal.
117
For this reason, we focused our chemical analyses to the ligamental area, following practice from a 118 number of previous studies (Kirby et al., 1998; Surge and Lohmann, 2008; Lartaud et al., 2010b;  119 Goodwin et al., 2012; Mouchi et al., 2013; Bougeois et al., 2014) .
120
After isolation from the sediment and thorough cleaning of the shell's surface by brushing off 
Cathodoluminescence analyses
129
Shell preservation and potential impact of diagenesis are commonly detected in bivalve shells 130 using cathodoluminescence (CL) microscopy (e.g. Langlet et al., 2006) . In calcite, Mn 2+ is the main 131 luminescence activator, causing emission of yellow to orange light of which the intensity is positively 132 correlated with Mn concentration (El Ali et al., 1993; De Rafélis et al., 2000; Habermann, 2002; 133 Langlet et al., 2006 values from the two parallel transects were averaged so that a single data-point was obtained for 162 each incremental position. On these data-points, a moving average using a Bartlett window was 163 then run through data from every transect as previously described in (Bougeois et al., 2014) . 
Stable isotopes analyses
165
Stable oxygen isotopes were analysed (1) at high incremental resolution aiming to resolve sea-166 sonal variability and (2) on bulk samples aiming to average the isotopic record throughout the 167 oyster's life. Bulk carbon isotopes (δ 13 C) were also analysed to assess potential environmental 168 effects on the shell's chemistry. To collect material for these analyses, a high-precision, computer-
169
driven Micromill (New Wave Research) attached to an x, y and z stage was used to follow digitized 
214
-unsuitable (non cyclic and/or not consistent between parallel transects, Figure 8 ).
215
For example Mg/Ca ratios from specimen KZ12-O05.1 (Figure 8) 
232
The well-resolved cyclicity observed in the oyster's isotopes confirms that sampling resolution
233
(every 100-200 µm; depending on growth rates) was sufficiently high to clearly reveal intra-annual 234 environmental variations with regular cyclicity. However, on two samples with particularly low 235 growth rates in the oldest part of the shell (AT11-O04 and KY10-O01, Figure 5) (Table 2 ). In addition, this unreliability is unlikely caused by diagenesis, since the 
Environmental and species effects
313
Despite this apparent systematic environmental effect on isotopic fractionation, it remains to be 314 investigated whether this is also reflected in the Mg/Ca since reliable profiles (i.e. suitable and 
To estimate δ 18 O sw we used a range between the commonly accepted -1% value for global ice- 0.65% , Figure 11b ). An overestimation of δ 18 O sw of around -4% would be required to match Figure 11b ). Considering that 399 these species also provide the most reliable Mg/Ca records discussed above (Figure 6 ), we 400 conclude that these species are particularly suitable for estimating palaeotemperatures. to high latitudes, from brackish to fully marine environments) make Ostreidae the most promising 457 group to infer palaeenvironments at intra-annual resolution. Living position of species through the carbonate platform. Table 1 Mg/Ca = 17.16 (±1.95) * exp(0.022 (±0.004) * T) Table 1 A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
Acknowledgements
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
ACCEPTED MANUSCRIPT
Species
Ostrea bellovacina (Lamarck, 1896) Flemingostrea hemiglobosa (Romanovskiy, 1884) Sokolowia orientalis (Gekker, Osipova & Balskaya, 1962) Ostrea (T.) strictiplicata (Roulin and Delbos, 1855) Sokolowia buhsii (Grewingk, 1853) Platygena asiatica (Romanovskiy, 1879) Ferganea bashibulakeensis (Wei, 1984) 
